CASE REPORT
===========

1) Patient 1
------------

A 32-year-old man visited the emergency room of Seoul National University Bundang Hospital with a complaint of sudden-onset back pain. He had undergone several aortic surgeries at other hospitals and had been diagnosed with Marfan syndrome. At the age of 16, he underwent a Bentall operation for an acute Stanford type A aortic dissection. Eight years after the first operation, to address the increased size of the aortic aneurysm, he underwent a replacement of the aortic arch and descending thoracic aorta to the level of the seventh thoracic vertebra via a T-shaped thoracosternotomy. After the second operation, he had been followed up regularly with yearly computed tomography (CT) scans for a remaining thoracoabdominal aortic aneurysm, which remained stable with a maximal diameter of 53 mm over the prior five years.

A thorough physical examination and review of previous CT images demonstrated hypertelorism, bifid uvula, arachnodactyly, and a tortuous aorta, which suggested Loeys-Dietz syndrome (LDS) rather than Marfan syndrome ([Fig. 1A](#f1-kjtcvs-47-536){ref-type="fig"}). Preoperative CT imaging showed a periaortic hematoma from the descending thoracic aorta to the abdominal aorta compatible with the concealed rupture of a thoracoabominal aortic aneurysm ([Fig. 2](#f2-kjtcvs-47-536){ref-type="fig"}).

An urgent operation was performed. The left thoracic cavity was entered through the seventh intercostal space and the incision was extended to a curvilinear thoracoabdominal incision. The left femoral artery and vein were cannulated for cardiopulmonary bypass. As severe pleural adhesion caused by previous aortic surgeries made it difficult to find a safe site for proximal cross-clamping, the proximal anastomosis was made under total circulatory arrest in deep hypothermia (rectal temperature 20°C). The remaining anastomoses were made during the rewarming period after cardiopulmonary bypass was reinstituted via the side branch of a four-branch polyester vascular graft (Gelweave Coselli Thoracoabdominal Graft; Vascutek, Renfrewshire, Scotland, UK) and the left femoral artery. Two pairs of intercostal arteries, from thoracic ribs 10 and 12, were reimplanted to the main body graft as separate Carrel patches. In addition, the visceral branches of the abdominal aorta were reimplanted to the branch grafts, and the distal anastomosis was made at the infrarenal aorta. The operation took 455 minutes including 17 minutes of total circulatory arrest and 132 minutes of cardiopulmonary bypass. The postoperative course was uneventful, and the patient was discharged 21 days postoperatively without any complications.

2) Patient 2
------------

An 18-year-old male was referred to Seoul National University Bundang Hospital for a rapidly increasing thoracoabominal aortic aneurysm. Seven months prior, the surgeon in the referring center replaced the proximal half of the descending thoracic aorta based on the diagnosis of acute type B dissection, an aberrant right subclavian artery, and Marfan syndrome. The maximal diameter of the remaining thoracic aorta, which had been 31 mm at the time of the first operation, was found to have increased to 63 mm in a postoperative CT scan taken six months later ([Fig. 3](#f3-kjtcvs-47-536){ref-type="fig"}). A physical examination revealed bifid uvula, hypertelorism, and a clubfoot deformity that had required multiple orthopedic operations ([Fig. 1B](#f1-kjtcvs-47-536){ref-type="fig"}). Moderate dilatation of the aortic root (diameter 41 mm) along with marked tortuosity of the entire aorta and its major branches were noted in the CT scan. Those findings led to the diagnosis being revised to LDS.

An elective thoracoabdominal aortic replacement was performed. The incision and exposure of the aorta were performed in the same manner as the first patient. As there was no severe pleural adhesion despite previous surgeries, a pre-existing proximal thoracic graft was easily mobilized for cross-clamping. All of the anastomoses were made under aortic cross-clamping and partial cardiopulmonary bypass via the left femoral artery and vein. Two pairs of intercostal arteries, from thoracic ribs 10 and 12, were reimplanted to a parallel 10 mm Dacron graft (Vascutek, Renfrewshire, Scotland, UK) that had been anastomosed to the main body graft before aortic clamping \[[@b1-kjtcvs-47-536]\]. Visceral branch reimplantation and distal anastomosis were performed in the same manner as the first patient. The durations of the entire operation and of the cardiopulmonary bypass were 365 and 123 minutes, respectively.

The patient recovered rapidly and was discharged on the ninth postoperative day. He was readmitted 30 days later and underwent a second surgery: a valve-sparing aortic root replacement (David's reimplantation) and a total arch replacement. This operation was also uneventful and the patient was in good condition at the most recent follow-up, eight months after the operation.

DISCUSSION
==========

Although LDS has similarities with Marfan syndrome, which is the most common connective tissue disorder, they have distinctive phenotypic and genetic features. LDS is an autosomal dominant genetic disorder caused by the mutation of the transforming growth factor beta receptor 1 or 2 genes, whereas Marfan syndrome is caused by the mutation of the gene coding for fibrillin-1 \[[@b2-kjtcvs-47-536]\]. Both genes are related to the transforming growth factor beta signaling pathway, which leads to the overproduction of collagen, disarrangement of elastic fiber, and loss of elastin content within aortic media. Because of these histological changes, vascular media become weak, which makes the aorta extremely prone to aortic aneurysms and dissection \[[@b2-kjtcvs-47-536]\]. LDS is phenotypically characterized by the triad of hypertelorism, bifid uvula and/or cleft palate, and generalized arterial tortuosity throughout the entire aortic system \[[@b2-kjtcvs-47-536]\]. As these findings are not found in patients with Marfan syndrome, it is clinically important to recognize the characteristic phenotypic findings to differentiate between the two syndromes \[[@b2-kjtcvs-47-536]--[@b4-kjtcvs-47-536]\].

The differential diagnosis between these connective tissue diseases is important because the progression and prognosis of aortic and branch vessel disease is significantly different. Although the two syndromes share genetic mutations in the same signaling pathway, previous studies have reported that vascular disease in LDS seems to be more widespread and aggressive than it is in Marfan syndrome \[[@b4-kjtcvs-47-536]\]. Williams et al. \[[@b4-kjtcvs-47-536]\] reported the following distinctive features of LDS: fatal aortic events at a very young age, fatal aortic dissection and rupture in the aortic root with diameters smaller than 45 mm, aneurysmal changes in the entire aortic and major arterial tree, and high rates of repeat surgical interventions. For these reasons, elective surgical intervention should be considered for young LDS patients with smaller aortic diameter as opposed to the general population and even Marfan patients \[[@b2-kjtcvs-47-536]--[@b4-kjtcvs-47-536]\].

The exact incidence of LDS is unknown and there have been very few cases reported in South Korea \[[@b5-kjtcvs-47-536]\]. However, more cases might have gone undiagnosed because of an unawareness of this recently recognized syndrome. This speculation is based on the past medical history of our cases; in these patients, the characteristic phenotypic features of LDS were not noticed and Marfan syndrome was diagnosed without referring to the recently established diagnostic criteria \[[@b6-kjtcvs-47-536]\]. Because LDS results in a much more aggressive aortic disease than Marfan syndrome does, the long-term clinical course of our patients could have been changed if the correct diagnosis had been made at the time of their initial operations. The extent of their first operations would have been greater had LDS been diagnosed, thereby obviating the need for multiple operations and the risks involved in repeated thoracotomies. In particular, closer follow-up and early elective surgery before the rupture might have been possible in the first patient.

In summary, we report two patients with LDS who were only correctly diagnosed after one or two aortic surgeries. We conclude that physicians and surgeons dealing with aortic disease should be aware of this new and rare disorder, to ensure early proper diagnoses resulting in a timely and efficient management strategy and the improvement of the long-term prognosis.
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